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© A data transfer device connected to a bus and a 
control signal line, includes: a judgment circuit for 
judging whether or not a state change of the bus, 
which occurs in a case where the data is manipu- 
lated to be output to the bus, is smaller than the 
state change of the bus, which occurs in a case 
where data is output to the bus without manipulating 
the data; a first manipulation circuit for manipulating 
the data in accordance with the result of judgment: a 
first output circuit for selectively outputting one set 
of the data and the data manipulated by the first 
manipulation circuit to the bus in accordance with 
the result of judgment; and a second output circuit 
for outputting a control signal indicating the result of 
judgment to the control signal line. 
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BACKGROUND OF THE INVENTION 

1 . Field of the Invention: 

The present invention relates to a data transfer 
device and a data transfer method for transferring 
data with low power consumption. 

2. Description of the Related Art: 

Dynamic power consumption (P) of a data 
transfer line is generally expressed by the expres- 
sion: 

P = fCV 2 

where f is the number of times of charge and 
discharge, C is a load capacitance, and V is a 
voltage applied to the load capacitance. Bus struc- 
tures are adopted as data transfer lines in many 
integrated circuits for processing data for simplifi- 
cation of internal structures. However, since the 
bus is long and a number of resources are con- 
nected to the bus, the load capacitance of the bus 
is large in many cases. This results in an increase 
in power consumption. 

Japanese Laid-Open Patent Publication No. 4~ 
128914 discloses a data transfer device for reduc- 
ing the load capacitance of an internal bus. In the 
data transfer device, the internal bus is divided into 
two parts: a main data bus and an input/output bus. 
The main data bus and the input/output data bus 
are connected to each other via a bidirectional 
buffer only when data is output to the exterior of 
the integrated circuit. 

However, the external bus has a remarkably 
larger load capacitance than that of the internal 
bus. This is because while the internal bus of the 
integrated circuit has a line width of a micrometer 
order and a line length of a millimeter order, the 
external bus which is connected to an terminal of 
the integrated circuit has a line width of a millime- 
ter order and a line length of a centimeter order. 
Therefore, in kinds of integrated circuits which 
should transfer data to the exterior of the integrated 
circuits, a power, which is consumed at the termi- 
nal, increases. As described above, the integrated 
circuit suffers a problem that remarkable reduction 
in the consumption power cannot be expected only 
by reducing the load capacitance of the internal 
bus. 

SUMMARY OF THE INVENTION 

The data transfer device of this invention con- 
nected to a bus and a control signal line, includes: 
judgment means for judging whether or not a state 
change of the bus, which occurs in a case where 



the data is manipulated to be output to the bus, is 
smaller than the state change of the bus, which 
occurs in a case where data is output to the bus 
without manipulating the data; first manipulation 

5 means for manipulating the data in accordance with 
the result of judgment; first output means for selec- 
tively outputting one set of the data and the data 
manipulated by the first manipulation means to the 
bus in accordance with the result of judgment; and 

10 second output means for outputting a control signal 
indicating the result of judgment to the control 
signal line. 

In one embodiment of the invention, the judg- 
ment means includes: first holding means for hold- 

75 ing a preceding result of judgment; second holding 
means for holding the preceding data upon receiv- 
ing current data; and determination means for de- 
termining whether the current data is to be manipu- 
lated or not in accordance with the preceding result 

20 of judgment, the preceding data and the current 
data. 

In another embodiment of the invention, the 
determination means comprises: disagreeing num- 
ber detection means for outputting the number of 

25 bits disagreeing between the preceding data and 
the current data; and means for outputting a signal 
indicating whether the current data is to be manipu- 
lated or not in accordance with the preceding result 
of judgment and the output of the disagreeing 

30 number detection means. 

In still another embodiment of the invention, 
the determination means includes: pattern detec- 
tion means for outputting the number of patterns 
agreeing with a relationship between the current 

35 data and the preceding data, out of a predeter- 
mined number of patterns which are previously 
prepared in accordance with the preceding result of 
judgment; and means for outputting a signal in- 
dicating whether the current data is to be manipu- 

40 lated or not in accordance with the output of the 
pattern detection means. 

In still another embodiment of the invention, 
the judgment means includes determination means 
for determining whether the current data is to be 

45 manipulated or not in accordance with a current 
state of the bus and the current data. 

In still another embodiment of the invention, 
the determination means includes: disagreeing 
number detection means for outputting the number 

so of bits disagreeing between the current state of the 
bus and the current data; and means for outputting 
a signal indicating whether the current data is to be 
manipulated or not in accordance with the output of 
the disagreeing number detection means. 

55 In still another embodiment of the invention, 
the determination means includes: pattern detec- 
tion means for outputting the number of patterns 
agreeing with a relationship between the current 
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state of the bus and the current data, out of the 
predetermined number of patterns which are pre- 
viously prepared; and means for outputting a signal 
indicating whether the current data is to be manipu- 
lated or not in accordance with the output of the 
pattern detection means. 

In still another embodiment of the invention, 
the data is part of data supplied to the data transfer 
device via an entire bus, and the bit width of the 
bus is smaller than that of the entire bus. 

In still another embodiment of the invention, 
the first manipulation means executes at least one 
of bit inversion, bit order transposition and data 
compression. 

In still another embodiment of the invention, a 
data transfer device further includes second ma- 
nipulation means for receiving data output from the 
first output means via the bus and the control 
signal indicating the result of judgment output from 
the second output means via the control signal line, 
and for manipulating the data in accordance with 
the control signal. 

In still another embodiment of the invention, 
the second manipulation means executes at least 
one of bit inversion, bit order transposition and data 
expansion. 

Alternatively, the data transfer device includes: 
a transmission section for transmitting data and a 
control signal; a bus connected to the transmission 
section, for carrying the data; a control signal line 
connected to the transmission section, for carrying 
the control signal; and a receiving section con- 
nected to the bus and the control signal line, for 
receiving the data via the bus and the control 
signal via the control signal line, wherein the trans- 
mission section includes: judgment means for judg- 
ing whether or not a state change in the bus, which 
occurs in a case where the data is manipulated to 
be output to the bus, is smaller than a state change 
in the bus, which occurs in a case where the data 
is output to the bus without manipulating the data; 
first manipulation means for manipulating the data 
in accordance with the result of judgment; first 
output means for selectively outputting one set of 
the data and data manipulated by the first manipu- 
lation means, in accordance with the result of judg- 
ment; and second output means for outputting a 
control signal indicating the result of judgment to 
the control signal line, and wherein the receiving 
section includes: second manipulation means for 
receiving data output from the first output means 
via the bus and the control signal indicating the 
result of judgment output from the second output 
means via the control signal line, and for man- 
ipulating the data in accordance with the control 
signal. 

In one embodiment of the invention, the judg- 
ment means of the transmission section includes: 



first holding means for holding a preceding result 
of judgment; second holding means for holding the 
preceding data upon receiving current data; and 
determination means for determining whether the 

5 current data is to be manipulated or not in accor- 
dance with the preceding result of judgment, the 
preceding data and the current data. 

In another embodiment of the invention, the 
judgment means of the transmission section in- 

70 eludes determination means for determining wheth- 
er current data is to be manipulated or not in 
accordance with a current state of the bus and the 
current data. 

In another aspect of the present invention, a 

75 data transfer method includes the steps of: judging 
whether or not a state change in the bus, which 
occurs in a case where the data is manipulated to 
be output to the bus, is smaller than a state change 
in the bus, which occurs in a case where data is 

20 output to the bus without manipulating the data; 
performing a first manipulation of the data in accor- 
dance with the result of judgment; and transferring 
the manipulated data in accordance with the result 
of judgment. 

25 In one embodiment of the invention, the first 

manipulation includes at least one of bit inversion, 
bit order transposition and data compression. 

In another embodiment of the invention, the 
data transfer method further includes a step of 

30 reproducing the data by performing a second ma- 
nipulation of the data in accordance with the result 
of judgment, the second manipulation being op- 
posite to the first manipulation. 

In still another embodiment of the invention, 

35 the second manipulation includes at least one of bit 
inversion, bit order transposition and data expan- 
sion. 

Thus, the invention described herein makes 
possible the advantages of (1) providing a data 
40 transfer device for transferring data with low con- 
sumption power and (2) providing a data transfer 
method for transferring data with low power con- 
sumption. 

These and other advantages of the present 
45 invention will become apparent to those skilled in 
the art upon reading and understanding the follow- 
ing detailed description with reference to the ac- 
companying figures. 

50 BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a diagram illustrating the principle 
of the present invention. 

Figure 2 is a flow-chart showing a procedure 
55 for a data transfer method according to the present 
invention. 

Figure 3 is a diagram showing a configuration 
for a data transfer device according to Example 1 
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of the present invention. 

Figure 4 shows the logic defining the operation 
of a judgment circuit 106 in the data transfer de- 
vice of Example 1 . 

Figure 5 shows an example of the operation of 
the data transfer device of Example 1 in a time 
series. 

Figure 6 is a diagram showing a configuration 
of a disagreeing number detection circuit 105 and 
the judgment circuit 106 in the data transfer device 
of Example 1. 

Figure 7 shows the number of bits whose 
states have changed on an external bus 119 in the 
case where data is transferred by a conventional 
data transfer device. 

Figure 8 shows the number of bits whose 
states have changed on terminals 111 and 112 in 
the case where data is transferred by the data 
transfer device of Example 1. 

Figure 9 shows the reduction effects in the 
power consumption owing to the data transfer de- 
vice of Example 1. 

Figure 10 is a diagram showing a configuration 
for a data transfer device according to Example 2 
of the present invention. 

Figure 11 shows the logic defining the opera- 
tion of a judgment circuit 506 in the data transfer 
device of Example 2. 

Figure 12 shows an example of the operation 
of the data transfer device of Example 2 in a time 
series. 

Figure 13 is a diagram showing a configuration 
for a disagreeing number detection circuit 505 and 
the judgment circuit 506 in the data transfer device 
of Example 2. 

Figure 14 is a diagram showing a configuration 
for a data transfer device according to Example 3 
of the present invention. 

Figure 15 shows the reduction effects in the 
power consumption owing to the data transfer de- 
vice of Example 3. 

Rgure 16 shows the principle of reducing the 
power consumption by transposing a bit order of 
data. 

Rgure 17 is a diagram showing a configuration 
for a data transfer device according to Example 4 
of the present invention. 

Rgure 18 shows the logic defining the opera- 
tion of a judgment circuit 1506 in the data transfer 
device of Example 4. 

Rgure 19 is a diagram showing a configuration 
for a pattern detecting circuit 1505 and the judg- 
ment circuit 1506 in the data transfer device of 
Example 4. 

Rgure 20 is a diagram showing a configuration 
for a bit order transposing circuit 1508 in the data 
transfer device of Example 4. 



Rgure 21 shows an example of the operation 
of the data transfer device of Example 4 in a time 
series. 

Rgure 22 is a diagram showing a configuration 
5 for a data transfer device according to Example 5 
of the present invention. 

Rgure 23 is a diagram showing a pattern de- 
tecting circuit 2005 in the data transfer device of 
Example 5. 

10 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

Rrst, the principle of the present invention is 

75 described with reference to Rgure 1. A unit 801 
and a unit 802 are connected to each other through 
a wiring 803. ft is assumed that data, which is 
composed of a plurality of bits, is transferred from 
the unit 801 to the unit 802 via the wiring 803. 

20 Since the wiring 803 has a load capacitance, 
charge and discharge occur due to such data 
transfer, resulting in consumption of power. For 
example, when b'10101010 (hereinafter, b* repre- 
sents a binary notation) is transferred from the unit 

25 801 to the unit 802 through the wiring 803, followed 
by transfer of b'01010101 from the unit 801 to the 
unit 802 through the wiring 803, the power con- 
sumption of the wiring 803 becomes maximum. 
This is because the charge and discharge occur in 

30 all of the bits of the wiring 803 due to inversion of 
all bits of the transfer data. The present invention 
provides a data transfer device and a data transfer 
method, for transferring data obtained by man- 
ipulating the data b' 01010101 and information in- 

35 dicating that true data is data obtained by man- 
ipulating the data b f 01010101, instead of transfer- 
ring the data b*01010101. For example, the data 
transfer device and the data transfer method ac- 
cording to the present invention transfer, instead of 

40 the data b' 01010101, data b' 10101010 obtained 
by inverting the data b' 01010101 and information 
of 1 bit indicating that true data is data obtained by 
inverting the bits of this data. With this operation, 
the power consumption of the wiring 803 becomes 

45 minimum. It is for this reason that the state of each 
bit of the wiring 803 does not change before and 
after the transfer of data. 

This data processing is not limited to bit inver- 
sion. In the present specification, "manipulation of 

50 data" includes bit inversion, transposition of bit 
order, compression/expansion of data, or a com- 
bination thereof, and includes any manipulations as 
long as the state change of the wiring 803 is 
reduced by the manipulation. 

55 The wiring 803 may be either an internal bus 
or an external bus. As described above, however, 
the external bus has a remarkably larger load ca- 
pacitance than that of the internal bus. Therefore, 
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the present invention is particularly effective in the 
case where the wiring 803 is the external bus. 
When the unit 801 and the unit 802 are included in 
one integrated circuit, the wiring 803 is referred to 
as an internal bus. When th8 unit 801 is included in 
one integrated circuit and the unit 802 is included 
in another integrated circuit, the wiring 803 is re- 
ferred to as an external bus. 

Figure 2 shows a procedure of data transfer 
according to the present invention. 

At Step S1, it is judged whether or not a state 
change (SC1) of the bus, which occurs in the case 
where data is output to the bus without manipulat- 
ing the data, is smaller than a state change (SC2) 
of the bus, which occurs in the case where manipu- 
lated data is output to the bus. 

If the state change (SC2) of the bus is judged 
to be smaller than the state change (SC1) of the 
bus, the data is manipulated (Step S2), the manipu- 
lated data is output to the bus (Step S3), and 
information (for example, b'1) indicating the result 
of judgment at Step S1 is output to a control signal 
line (Step S4). 

If the state change (SC2) of the bus is judged 
to be equal to or larger than the state change 
(SC1) of the bus, the data is output to the bus 
without being manipulated (Step S3), and informa- 
tion (for example, b'0) indicating the result of judg- 
ment at Step S1 is output to the control signal line 
(Step S4). 

The order of Steps S3 and S4 may be re- 
versed. 

Example 1 

Figure 3 shows a configuration for a first exam- 
ple of a data transfer device according to the 
present invention. The data transfer device includes 
integrated circuits 101 and 113. The integrated 
circuit 101 is connected to an external bus 119 via 
a terminal 111, and is further connected to a signal 
line 120 via a terminal 112. The integrated circuit 
113 is connected to the external bus 119 via a 
terminal 114, and is further connected to a signal 
line 120 via a terminal 115. The bus 112 is com- 
posed of, for example, 8 bits. The signal line 120 is 
composed of, for example, 1 bit. 

The integrated circuit 101 includes an internal 
bus 102, an output latch 103, a judgment section 
10, a logic inversion circuit 108, terminal driving 
circuits 109 and 110, and a data processing circuit 
201. 

The internal bus 102, which is provided in the 
integrated circuit 101, is for transferring data. 

The output latch 103 is connected to the inter- 
nal bus 102 and temporarily holds data to be 
output to the exterior of the integrated circuit 101. 
The output latch 103 is composed of, for example. 



8 bits. For example, data is given to the output 
latch 103 from the data processing circuit 201 via 
the internal bus 102. 

The judgment section 10 judges whether or not 

5 the state change of the external bus 119, which 
occurs in the case where data, whose logic level is 
inverted, is output to the external bus 119, is small- 
er than that which occurs in the case where data is 
output to the external bus 119 without inverting the 

70 logic level of the data, thereby outputting a judg- 
ment signal 107 indicating the result of judgment. 
The judgment section 10 has a temporary latch 
104, a disagreeing number detection circuit 105 
and a judgment circuit 106. 

75 Each time new data is written to the output 
latch 103, the temporary latch 104 latches the data 
which is latched in the output latch 103 until the 
new data is written. The temporary latch 104 is 
composed of, for example, 8 bits. 

20 The disagreeing number detection circuit 105 
compares an output of the output latch 103 with an 
output of the temporary latch 104 for each bit, and 
outputs the number of disagreeing bits between the 
output of the output latch 103 and the output of the 

25 temporary latch 104. 

The judgment circuit 106 outputs a judgment 
signal 107 based on an output of the disagreeing 
number detection circuit 105 and a preceding self- 
output. The operation of the judgment circuit 106 

30 will be described below. 

The logic inversion circuit 108 manipulates the 
output of the output latch 103 in accordance with 
the judgment signal 107 output from the judgment 
circuit 106. In the case where the judgment signal 

3$ 107 is at a logic 1, the logic inversion circuit 108 
inverts the logic level of the output of the output 
latch 103. In the case where the judgment signal 
107 is at a logic 0. the logic inversion circuit 108 
allows the output of the output latch 103 to pass 

40 through without inverting the output. 

The terminal driving circuit 109 drives the ter- 
minal 111 in order to output the output of the logic 
inversion circuit 108 to the exterior of the inte- 
grated circuit 101. The terminal driving circuit 110 

45 drives the terminal 112 in order to output the 
judgment signal 107 output from the judgment sig- 
nal 106 to the exterior of the integrated circuit 101. 

The integrated circuit 113 has the logic inver- 
sion circuit 116, the internal bus 117 and a data 

so processing circuit 202. 

The logic inversion circuit 116 receives an 8-bit 
signal via the terminal 114, and manipulates the 8- 
bit signal in accordance with the logic level of the 
terminal 115. In the case where the logic level of 

55 the terminal 115 is 1, the logic inversion circuit 116 
inverts the logic level of the 8-bit signal. In the case 
where the logic level of the terminal 115 is 0, the 
logic inversion circuit 116 allows the 8-bit signal to 
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pass through without inverting the signal. 

The internal bus 117, which is provided in the 
integrated circuit 113, is for transferring data. The 
output of the logic inversion circuit 116 is given to 
the data processing circuit 202 via the internal bus 
117, for example. 

Figure 4 shows the logic which defines the 
operation of the judgment circuit 106. As shown in 
Rgure 4, the operation of the judgment circuit 106 
is defined, depending on each of the cases A, B, C 
and D. For example, case A shows the operation of 
the judgment circuit 106 in the case where the 
judgment circuit 106 outputs the judgment signal 
107 of 0 in the preceding judgment and the disag- 
reeing number detection circuit 105 outputs any 
one of 0, 1, 2 or 3 in the current judgment. In this 
case, the judgment circuit 106 outputs a judgment 
signal of 0, which is the same as the preceding 
judgment signal 107, as the current judgment sig- 
nal 107. Case B shows the operation of the judg- 
ment circuit 106 in the case where the judgment 
circuit 106 outputs the judgment signal 107 of 0 in 
the preceding judgment and the disagreeing num- 
ber detection circuit 105 outputs any one of 4, 5, 6, 
7 or 8 in the current judgment In this case, the 
judgment circuit 106 outputs a judgment signal of 
1 f which is different from the preceding judgment 
signal 107. Cases C and D show the relationship 
between the output of the disagreeing number de- 
tection circuit 105 and the current judgment signal 
107 in the case where the judgment signal 106 
outputs the judgment signal of 1 in the preceding 
judgment 

Rgure 5 shows examples of the operation of 
the data transfer device according to Example 1 in 
a time series. Hereinafter, how the data transfer 
device operates at times 1, 2, 3, 4 and 5 shown in 
Figure 5 will be respectively described. 

Time 1) 

Assuming that b*101010l0 is stored in the out- 
put latch 103 and the judgment signal 107 is 0 at 
time 1. The output of the output latch 103 passes 
through the logic inversion circuit 108 without being 
inverted. As a result, the terminal driving circuit 109 
drives the external bus 119 with the value of 
b'10101010. 

The judgment signal 107 of 0 is transferred to 
the interior of the integrated circuit 113 via the 
terminal driving circuit 110 and the terminals 112 
and 115. Since the logic inversion circuit 116 does 
not perform an inversion operation, the signal on 
the external bus 119 passes through the logic 
inversion circuit 116 via the terminal 114, and is 
transferred to the internal bus 117. In this way, 
b'10101010, which is stored in the output latch 103, 
is output to the internal bus 117. 



Time 2) 

Data b'10101000 is written to the output latch 
103 via the internal bus 102 at time 2. Simulta- 

5 neously with the writing to the output latch 103, 
b'10101010, which is stored in the output latch 103 
until then, is stored in the temporary latch 104. The 
disagreeing number detection circuit 105 compares 
the output b'10101000 of the output latch 103 with 

io the output b'10101010 of the temporary latch 104 
for each bit, and outputs a value 1. The value 1 
indicates the number of bits which disagree be- 
tween the output bM 01 01 000 of the output latch 
103 and the output b'10101010 of the temporary 

is latch 104. The judgment circuit 106 judges that the 
current state corresponds to case A of Rgure 4, 
and therefore outputs the judgment signal 107 of 0. 

The output of the output latch 103 passes 
through the logic inversion circuit 108, and the 

20 terminal driving circuit 109 drives the external bus 
119 with the value of b'10101000. Since the state 
of the external bus 119 at time 1 is b'10101010, 
the state of the external bus 119 changes by 1 bit 
due to the current output of b'10101000. As a 

25 result, the power corresponding to the state change 
of 1 bit is consumed. 

The judgment signal 107 of 0 is transferred to 
the interior of the integrated circuit 113 via the 
terminal driving circuit 110, and the terminals 112 

30 and 115. Since the logic inversion circuit 116 does 
not perform the inversion operation, the signal on 
the external bus 119 passes through the logic 
inversion circuit 116 via the terminal 114, and is 
transferred to the internal bus 117. In this way, 

35 b'10101000 stored in the output latch 103 is output 
to the internal bus 117. 

Time 3) 

40 Data b'001 10011 is written to the output latch 
103 via the internal bus 102 at time 3. Simulta- 
neously with the writing to the output latch 103, 
b'10101000, which is stored in the output latch 103 
until then, is stored in the temporary latch 104. The 
45 disagreeing number detection circuit 105 compares 
the output b'001 10011 of the output latch 13 with 
the output b'10101000 of the temporary latch 104 
for each bit, and outputs a value 5. The value 5 
indicates the number of bits which disagree be- 
so tween the output b*001 10011 of the output latch 
103 and the output b'10101000 of the temporary 
latch 104. The judgment circuit 106 judges that the 
current state corresponds to case B of Figure 4, 
and outputs the judgment signal 107 of 1. 
55 The output of the output latch 103 is inverted 
by the logic inversion circuit 108. As a result, the 
terminal driving circuit 109 drives the external bus 
119 with the value of b'1 1001 100. Since the state 
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of the external bus 119 at time 2 is b'10101000, 
the state of the external bus 119 changes by 3 bits 
due to the current output of the bM 1001 100. As a 
result, the power corresponding to the state change 
of 3 bits is consumed. 

The judgment signal 107 of 1 is transferred to 
the interior of the integrated circuit 113 via the 
terminal driving circuit 110, and the terminals 112 
and 115. Since the logic inversion circuit 116 per- 
forms the inversion operation, the signal on the 
external bus 119 is inverted by the logic inversion 
circuit 116 via the terminal 114, and the thus in- 
verted signal Is transferred to the internal bus 117. 
In this way, b'001 10011, which is stored in the 
output latch 103, is output to the internal bus 117. 

The content of the output latch 103 at time 3 
changes by 5 bits, as compared with the content of 
the output latch 103 at time 2. However, the state 
of the external bus 119 changes by 3 bits. Thus, 
even if the state change of the signal line 120 from 
0 to 1 is added, the state change of only 4 bits 
occurs. 

Time 4) 

Data b*10101011 is written to the output latch 
103 via the internal bus 102 at time 4. Simulta- 
neously with the writing to the output latch 103, 
b'001 10011, which is stored in the output latch 103 
until then, is stored in the temporary latch 104. The 
disagreeing number detection circuit 105 compares 
the output b'10101011 of the output latch 103 with 
the output b'001 10011 of the temporary latch 104 
for each bit, and outputs a value of 3. The value 3 
indicates the number of bits which disagree be- 
tween the output bM 01 01 011 of the output latch 
103 and the output b'001 10011 of the temporary 
latch 104. The judgment circuit 106 judges that the 
current state corresponds to case C of Figure 4, 
and outputs the judgment signal 107 of 1. 

The output of the output latch 103 is inverted 
by the logic inversion circuit 108. As a result, the 
terminal driving circuit 109 drives the external bus 
119 with the value of b'01010100. Since the state 
of the external bus 119 at time 3 is b'11001100, 
the state of the external bus 119 changes by 3 bits 
due to the current output of the b'01010100. As a 
result, the power corresponding to the state change 
of 3 bits is consumed. 

The judgment signal 107 of 1 is transferred to 
the interior of the integrated circuit 113 via the 
terminal driving circuit 110, and the terminals 112 
and 115. Since the logic inversion circuit 116 per- 
forms the inversion operation, the signal on the 
external bus 119 is inverted by the logic inversion 
circuit 116 via the terminal 114, and the thus in- 
verted signal Is transferred to the internal bus 117. 
In this way, b'10101011 stored in the output latch 



103 is output to the internal bus 117, 
Time 5) 

s Data b'01010000 is written to the output latch 

103 via the internal bus 102 at time 5. Simulta- 
neously with the writing to the output latch 103, 
b'10101011, which is stored in the output latch 103 
until then, is stored in the temporary latch 104. The 

io disagreeing number detection circuit 105 compares 
the output b*01010000 of the output latch 103 with 
the output b'10101011 of the temporary latch 104 
for each bit, and outputs a value 7. The value 7 
indicates the number of bits which disagree be- 
ts tween the output b'01010000 of the output latch 
103 and the output b f 10101011 of the temporary 
latch 104. The judgment circuit 106 judges that the 
current state corresponds to the case D of Figure 
4, and outputs the judgment signal 107 of 0. 

20 The output of the output latch 103 passes 
through the logic inversion circuit 108, and the 
terminal driving circuit 109 drives the external bus 
119 with the value of b'01010000. Since the state 
of the external bus 119 at time 4 is b'01010100, 

25 the state of the external bus 119 changes by 1 bit 
due to the current output of b'01010000. As a 
result, the power corresponding to the state change 
of 1 bit is consumed. 

The judgment signal 107 of 0 is transferred to 

30 the interior of the integrated circuit 113 via the 
terminal driving circuit 110, and the terminals 112 
and 115. Since the logic inversion circuit 116 does 
not perform the inversion operation, the signal on 
the external bus 119 passes through the logic 

35 inversion circuit 116 via the terminal 114, and is 
transferred to the internal bus 117. In this way, 
b'01010000, which is stored in the output latch 103, 
is output to the internal bus 117. 

The content of the output latch 103 at time 5 is 

40 changed by 7 bits, as compared with the content of 
the output latch 103 at time 4. However, the state 
change of the external bus 119 is 1 bit. Thus, even 
if the state change of the signal line 120 from 1 to 
0 is added, the state change of only 2 bits occurs. 

45 Figure 6 shows an example of a circuit configu- 
ration of the disagreeing number detection circuit 
105 and the judgment circuit 106. The disagreeing 
number detection circuit 105 is realized by, for 
example, exclusive-OR circuits 401 through 408. 

50 The exclusive-OR circuits 401 through 408 detect 
the disagreement for each bit between the output 
of the output latch 103 and the output of the 
temporary latch 104. The judgment circuit 106 is 
realized by, for example, a programmable logic 

55 array 409 and a flip-flop 410. The programmable 
logic array 409 and the flip-flop 410 realize the 
logic shown in Figure 4. The flip-flop 410 holds the 
preceding judgment signal 107. 
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As described above, in the data transfer device 
of Example 1, the judgment circuit 106 judges to 
which case of the cases A through D in Figure 4 
the current state corresponds, and outputs the 
judgment signal 107 indicating the result of judg- 
ment. The logic inversion circuit 108 manipulates 
the output of the output latch 103 in accordance 
with the logic level of the judgment signal 107. In 
the case where the logic level of the judgment 
signal 107 is 1, the output of the output fatch 103 is 
inverted by the logic inversion circuit 108, and the 
thus inverted signal is output to the external bus 
119. In the case where the logic level of the judg- 
ment signal 107 is 0, the output of the output latch 
103 is output to the external bus 119 without being 
inverted. In this way, the state change of the exter- 
nal bus 119 can be reduced. As a result, the power 
consumed in the external bus 119 can be also 
reduced. 

Moreover, in Example 1, in order to reduce the 
state change of the external bus 119, the logic 
inversion processing alone is performed with re- 
spect to the output of the output latch 103. Instead 
of this processing, a transposition processing of bit 
order may be performed with respect to the output 
of the output latch 103. Alternatively, both of the 
transposition processing of bit order and the logic 
inversion processing can be used. Moreover, other 
processing methods may be used together. 

In order to realize these processings, a disag- 
reeing number detection circuit 105, a judgment 
circuit 106, a logic inversion circuit 108 and the like 
are required. However, the increase in the power 
consumption due to these additional circuits is 
small. This is because the additional circuits are 
disposed in the integrated circuit, and the process- 
ing is a logical operation alone such as bit inver- 
sion or transposition of bit order. Moreover, as 
compared with the increase in the power consump- 
tion due to the additional circuits, a reduction in the 
power consumption owing to diminution in the state 
change of the external bus 119 is remarkably large. 
In particular, in the case where the bit width of the 
external bus 119 is large, this tendency becomes 
conspicuous. 

Next, the effects of the data transfer device 
according to Example 1 will be more specifically 
described. 

Figure 7 shows the number of bits whose 
states have changed on the external bus 119 in the 
case where data is transferred by a conventional 
data transfer device. Herein, the conventional data 
transfer device indicates a data transfer device for 
transferring 8-bit data without performing a bit in- 
version operation. Assuming that data of 2, 4, -1, 
-2, 3 and -2 in decimal notation are sequentially 
transferred from the integrated circuit 101 to the 
integrated circuit 113 via the external bus 119 from 



time n to time n+5. Herein, the data of negative 
numbers are represented in a two's complement 
device. In the case where the data of negative 
numbers are represented in the two's complement 

5 device as in this case, the number of bits whose 
states have changed on the external bus 119 in- 
creases when positive numbers of the data change 
to be negative numbers, or negative numbers of 
the data change to be positive numbers, because 

70 high order bits of the data greatly change. As a 
result, a large amount of power is consumed in the 
external bus 119. 

Rgure 8 shows the number of bits whose 
states have changed on the terminals 111 and 112 

is in the case where the data is transferred by the 
data transfer device of Example 1. Assuming that 
data of 2, 4, -1, -2, 3 and -2 in decimal notation are 
sequentially transferred from the integrated circuit 
101 to the integrated circuit 113 via the externa! 

20 bus 119 from time n to time n+5. Herein, the data 
of negative numbers are represented in a two's 
complement device. According to the data transfer 
device of Example 1, the data is subjected to bit 
inversion so that the state changes of the terminals 

25 111 and 112 are diminished. With this operation, 
the number of bits whose states change on the 
terminals 111 and 112 can be greatly reduced. As 
a result, it is possible to reduce the power con- 
sumed in the terminals 111 and 112. 

30 In this example, the data is 8 bits in width. The 
larger the bit width gets, the greater the reduction 
effect in power consumption owing to the data 
transfer device of Example 1 becomes. This is 
because the larger the bit width is, the larger the 

35 number of varying high order bits of the data 
becomes when negative numbers of the data 
change to be positive numbers or when positive 
numbers of the data change to be negative num- 
ber. 

40 Figure 9 shows the reduction effect in power 
consumption owing to the data transfer device of 
Example 1 in the case where the data to be trans- 
ferred from the integrated circuit 101 to the in- 
tegrated circuit 113 via the external bus 119 is 

45 random 8-bit data. For example, in the case where 
the transfer data is an instruction code of a com- 
puter, it may be considered that an 8-bit bit pattern 
statistically occurs in a random manner. 

In Rgure 9, case 1 shows the case where the 

so number of bits which agree with each other be- 
tween two successive transfer data is 1 (that is, the 
number of bits which disagree is 7). The eight 
patterns of the numbers can cause the case 1 
because the number of combinations obtained by 

55 selecting one item from eight items is sCi = 8. 
Therefore, a probability of occurrence of the case 1 
is 8/256 = 0.031. 
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Therefore, regarding case 1, an average num- 
ber of changing bits due to a conventional data 
transfer device is: the number of disagreeing bits 
(7) x probability of occurrence (0.031) = 0.219. 
Herein, the conventional data transfer device in- 
dicates a data transfer device for transfer 8-bit data 
without performing a bit inversion operation regard- 
less of the cases 0 through 8. On the other hand, 
an average number of changing bits due to the 
data transfer device according to Example 1 is: the 
number of disagreeing bits (1) x probability of 
occurring (0.031) = 0.031 because the data is 
transferred after being subjected to inversion in this 
case. In this way, according to the data transfer 
device of Example 1, the average number of 
changing bits can be reduced by 86% regarding 
case 1. 

According to the conventional data transfer de- 
vice, the average number of changing b'rts obtained 
by summing up the average number of changing 
bits regarding the cases 0 through 8 is 4. On the 
other hand, the average number of changing bits 
according to the data transfer device of Example 1 
is 2.906. Thus, the terminal 111 is changed 2.906 
bits on the average for each transfer. Moreover, in 
view of the state change of the terminal 112, the 
average number of changing bits as a whole is 
2.906 + 0.363 = 3.269. This is because the state 
of the terminal 112 changes in the cases 0 through 
3 and therefore an average number of changing 
bits of the terminal 112 is: (1 + 8 + 28 + 56)/256 
= 0,363. Thus, the terminals 111 and 112 change 
by 3.269 bits on the average for each transfer. As 
described above, according to the data transfer 
device according to Example t , the average num- 
ber of changing bits as a whole can be reduced by 
18%. By reducing the average number of changing 
bits as a whole, the power consumed in the termi- 
nals 111 and 112 can be reduced. 

Example 2 

Rgure 10 shows a configuration of Example 2 
of a data transfer device according to the present 
invention. In Rgure 10, the same components as 
those in Rgure 3 are denoted by the same refer- 
ence numerals, and the description thereof is here- 
in omitted. 

The configuration of the data transfer device 
according to Example 2 is effective in the case 
where the state of the external bus 119 is main- 
tained until the next data is written to the output 
latch 103. 

In Example 2, a disagreeing number detection 
circuit 505 and a judgment circuit 506 function as a 
judgment section 50. The judgment section 50 
judges whether or not the state change of the 
external bus 119, which occurs in the case where 



data whose logic level is inverted is output to the 
external bus 119, is smaller than the state change 
of the external bus 119, which occurs in the case 
where the data is output to the external bus 119 

5 without inverting the logic level of the data, or not. 
Then, the judgment section 50 outputs the judg- 
ment signal 107 indicating the result of judgment. 

The disagreeing number detection circuit 505 
compares an output of the output latch 103 with the 

70 state of the external bus 119 for each bit, and 
outputs the number of disagreeing bits between the 
output of the output latch 103 and the state of the 
external bus 119. The judgment circuit 506 outputs 
the judgment signal 107 in accordance with th8 

75 output of the disagreeing number detection circuit 
505. 

Rgure 11 shows the logic which defines the 
operation of the judgment circuit 506. As shown in 
Rgure 11, the operation of the judgment circuit 506 

20 is defined, depending on each of the cases A and 
B. For example, case A shows the operation of the 
judgment circuit 506 when the disagreeing number 
detection circuit 505 outputs any one of 0 4 1 f 2 or 3 
in the current judgment. In this case, the judgment 

25 circuit 506 outputs a judgment signal of 0 as the 
current judgment signal 107. Case B shows the 
operation of the judgment circuit 506 when the 
disagreeing number detection circuit 505 outputs 
any one of 4, 5, 6, 7 or 8. In this case, the 

30 judgment circuit 106 outputs a judgment signal of 1 
as the current signal 107. 

Next, the operation of the data transfer device 
of Example 2 will be described. 

After the data to be output to the external bus 

35 119 is written to the output latch 103, the disag- 
reeing number detection circuit 505 compares the 
output of the output latch 103 with the state of the 
external bus 119 for each bit, thereby outputting 
the number of bits which disagree between the 

40 output of the output latch 103 and the state of the 
external bus 119. The judgment circuit 506 re- 
ceives the output of the disagreeing number detec- 
tion circuit 505 to output the judgment signal 107 in 
accordance with the logic shown in Rgure 11. For 

45 example, assuming that the output of the output 
latch 103 is b'10101010 and the state of the exter- 
nal bus 119 is b'10101000. In this case, the disag- 
reeing number detection circuit 505 compares the 
output b'10101010 of the output latch 103 with the 

so state b'10101000 of the external bus 119 for each 
bit, thereby outputting a value 1. The value 1 
indicates the number of bits which disagree be- 
tween the output b'10101010 of the output latch 
103 and the state b'10101000 of the external bus 

55 119. The judgment circuit 506 judges that the cur- 
rent state corresponds to case A in Figure 11, and 
outputs the judgment signal 107 of 0. Assuming 
that the output of the output latch 103 is 
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bM0101010 and the state of the external bus 119 is 
b'00000000. In this case, the disagreeing number 
detection circuit 505 compares the output 
bMOIOIOlO of the output latch 103 with the state 
b'00000000 of the external bus 119 for each bit, 
thereby outputting a value 4. The value 4 indicates 
the number of bits which disagree between the 
output b'10101010 of the output latch 103 and the 
state b'OOOOOOOO of the external bus 119. The 
judgment circuit 506 judges that the current state 
corresponds to case B of Figure 11, and outputs 
the judgment signal 107 of 1. Since the succeeding 
operations of the data transfer device are the same 
as those in Example 1, the description thereof is 
herein omitted. 

Figure 12 shows examples of the operation of 
the data transfer device according to Example 2 in 
a time series. Figure 12 shows the relationship 
between the data output from the output latch 103 
and the state change of the external bus 119 at 
times 1, 2, 3, 4 and 5, respectively. 

Figure 13 shows an example of a circuit con- 
figuration of the disagreeing number detection cir- 
cuit 505 and the judgment circuit 506. The disag- 
reeing number detection circuit 505 is realized by. 
for example, the exclusive-OR circuits 401 through 
408. The exclusive-OR circuits 401 through 408 
detect the number of bits which disagree between 
the output of the output latch 103 and the state of 
the external bus 119. The judgment circuit 506 is 
realized by, for example, a programmable logic 
array 709. The programmable logic array 709 re- 
alizes the logic shown in Figure 11. 

As described above, in the data transfer device 
in Example 2, the judgment circuit 106 judges to 
which case of the cases A and B in Figure 11 the 
current state corresponds, and outputs the judg- 
ment signal 107 indicating the result of judgment. 
The logic inversion circuit 108 manipulates the 
output of the output latch 103 in accordance with 
the logic level of the judgment signal 107. In the 
case where the logic level of the judgment signal 
107 is 1, the output of the output latch 103 is 
inverted by the logic inversion circuit 108, and the 
thus inverted signal is output to the external bus 
119. In the case where the logic level of the judg- 
ment signal 107 is 0, the output of the output latch 
103 is output to the external bus 119 without being 
inverted. In this way, the state change of the exter- 
nal bus 119 can be reduced. As a result, the power 
consumed in the external bus 119 can be also 
reduced. 

Moreover, in Example 2, in order to reduce the 
state change of the external bus 119, the logic 
inversion processing alone is performed with re- 
spect to the output of the output latch 103. Instead 
of this processing, the transposition processing of 
bit order may be performed with respect to the 



output of the output latch 103. Alternatively, both of 
the transposition processing of bit order and the 
logic inversion processing can be used. Moreover, 
other processing methods may be used together. 

5 In order to realize these processings, a disag- 

reeing number detection circuit 105, a judgment 
circuit 106, a logic inversion circuit 108 and the like 
are required. However, the increase in the power 
consumption due to these additional circuits is 

10 small. This is because the additional circuits are 
disposed in the integrated circuit, and the process- 
ing is a logical operation alone such as bit inver- 
sion or transposition of bit order. Moreover, as 
compared with an increase in the power consump- 

15 tion due to the additional circuits, a reduction in the 
power consumption due to diminution in the state 
change of the external bus 119 is remarkably large. 
In particular, in the case where a bit width of the 
external bus 119 is large, this tendency becomes 

20 conspicuous. 

Furthermore, circuits shown in Figure 10 may 
be provided for the respective integrated circuits 
other than the integrated circuit 101 so that in- 
tegrated circuits other than the integrated circuit 

25 101 are arranged to output data to the external bus 
119. With this arrangement, it is possible to reduce 
the power consumed in the external bus 119 as a 
whole device. In the case where such an arrange- 
ment is adopted, a bus in the three-state form is 

30 normally used as the external bus 119. In the case 
where the external bus 119 is a bus in the three- 
state form, the bus is rendered to be in a high- 
impedance state, whereby the content of the bus is 
held for a while. Therefore, the disagreeing number 

35 detection circuit 505 can monitor the state of the 
external bus 119 with ease. 

The same effects as those described with ref- 
erence to Figures 7 through 9 can be obtained by 
the data transfer device according to Example 2. 

40 

Example 3 

Figure 14 shows the configuration for a data 
transfer device of Example 3 according to the 

45 present invention. The data transfer device has 
integrated circuits 1201 and 1205. 

The integrated circuit 1201 has a 16-bit entire 
bus 1202 and integrated circuits 1203 and 1204. 
The configuration of the integrated circuit 1203 is 

so the same as that of the integrated circuit 101 
shown in Figures 3 and 10 except that the internal 
bus 102 is connected to high order 8 bits of the 
entire bus 1202. The configuration of the integrated 
circuit 1204 is the same as that of the integrated 

55 circuit 101 shown in Figures 3 and 10 except that 
the internal bus 102 is connected to low order 8 
bits of the entire bus 1202. 
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The integrated circuit 1205 has a 16-bit entire 
bus 1206 and integrated circuits 1207 and 1208. 
The configuration of the integrated circuit 1207 is 
the same as that of the integrated circuit 113 
shown in Figures 3 and 10 except that the internal 
bus 117 is connected to high order 8 bits of the 
entire bus 1206. The configuration of the integrated 
circuit 1208 is the same as that of the integrated 
circuit 113 shown in Figures 3 and 10 except that 
the internal bus 117 is connected to low order 8 
bits of the entire bus 1206. 

Next, the operation of the data transfer device 
having the above configuration will be described. 
The high order 8 bits out of 16 bits to be trans- 
ferred via the entire bus 1202 are transferred from 
the integrated circuit 1203 to the integrated circuit 
1207. The low order 8 bits out of 16 bits to be 
transferred via the entire bus 1202 are transferred 
from the integrated circuit 1204 to the integrated 
circuit 1208. The transfer operation from the in- 
tegrated circuit 1203 to the integrated circuit 1207 
and the transfer operation from the integrated cir- 
cuit 1204 to the integrated circuit 1208 are the 
same as those described above with reference to 
Figures 3 and 10. The 8-bit data output from the 
internal bus 117 of the integrated circuit 1207 and 
the 8-bit data output from the internal bus 117 of 
the integrated circuit 1208 are output from the 
entire bus 1206 as a piece of 16-bit data. 

Figure 15 shows the reduction effects of the 
power consumption owing to the data transfer de- 
vice of Example 3. As shown in Figure 15, in the 
case where 16-bit data is transferred by a conven- 
tional data transfer device, the average number of 
changing bits obtained by summing up the average 
number of changing bits regarding the cases 0 
through 16 is 8. Herein, the conventional data 
transfer device indicates a data transfer device for 
transferring 16-bit data without performing the bit 
inversion operation regardless of cases 0 through 
16. 

On the other hand, when 16-bit data is trans- 
ferred by the data transfer device of Example 1 or 
2, the average number of changing bits is obtained 
to be 6.429 by the calculation similar to that de- 
scribed above with reference to Figure 9. Further- 
more, in view of the state change of the signal line 
120, the average number of changing bits as a 
whole is: 6.429 + 0.402 = 6.831. 

Moreover, in the case where 16-bit data is 
transferred in a divided form of two sets of 8-bit 
data by the data transfer device according to Ex- 
ample 3, an average number of changing bits is 
obtained by doubling the average number of 
changing bits 3.269 in the case where 8-bit data is 
transferred by the data transfer device of Example 
1 or 2. Thus, the average number of changing bits 
is 6.538. 



As described above, according to the data 
transfer device of Example 3, the average number 
of changing bits can be reduced by 18% as com- 
pared with the case where 16-bit data is transferred 

5 by the conventional data transfer device. Further- 
more, as compared with the case where 16-bit data 
is transferred by the data transfer device according 
to Example 1 or 2, the average number of chang- 
ing bits can be reduced by 4%. By reducing the 

70 average number of changing bits, the power con- 
sumed in the bus connecting the integrated circuits 
1201 and 1205 to each other can also be reduced. 

Example 4 

75 

Hereinafter, Example 4 of a data transfer de- 
vice according to the present invention will be 
described. The data transfer device of Example 4 
is an example of a data transfer device for reducing 
20 the power consumption by transposition of bit or- 
der. 

Figure 16 shows the principle of reducing the 
power consumption by transposition of bit order in 
the case where two sets of data are sequentially 

25 transferred. Assuming that 2-bit data (dO, d1) is 
transferred. In the case where bit order of the data 
(dO, d1) is not transposed, the data (dO, d1) is 
transferred. In the case where bit order of the data 
(dO, d1) is transposed, data (d1, dO) is transferred. 

30 For example, case g shows the case where the 
preceding transfer data is (0, 1) and the current 
transfer data is (1, 0). In case g, the number of 
state changes of bits in the case where the bit 
order is transposed, is smaller than that in the case 

55 where the bit order is not transposed. Therefore, 
the reduction effects in the power consumption can 
be obtained by transposition of bit order. Case J 
shows the case where the preceding transfer data 
is (1, 0) and the current transfer data is (0, 1). In 

40 case j, the number of state changes of bits in the 
case where the bit order is transposed, is smaller 
than that in the case where the bit order is not 
transposed. Therefore, the reduction effect in the 
power consumption can be obtained by transposi- 

45 tion of bit order. 

Figure 17 shows a configuration of Example 4 
of the data transfer device according to the present 
invention. The data transfer device of Example 4 is 
based on the above-mentioned principle of reduc- 

50 ing the power consumption by transposition of bit 
order. In Figure 17, the same components as those 
shown in Figure 3 are denoted by the same refer- 
ence numerals, and the description thereof is here- 
in omitted. 

55 A judgment section 1500 judges whether or not 
the state change of the external bus 119, which 
occurs in the case where 8-bit data (d6, d7, d4, d5, 
d2, d3, dO, d1) obtained by transposing the bit 



21 



EP 0 675 447 A1 



22 



order every two adjacent bits is output to the 
external bus 119, is smaller than the state change 
of the external bus 119, which occurs in the case 
where 8-bit data (d7, d6, d5, d4, d3, d2, d1, dO) is 
output to the external bus 119 without transposing 
the bit order. Then, the judgment section 1500 
outputs a judgment signal 1507 indicating the re- 
suit of judgment. The judgment section 1500 in- 
cludes the temporary latch 104, a pattern detecting 
circuit 1505 and a judgment circuit 1506. 

The pattern detecting circuit 1505 outputs the 
number of pairs of bits out of four pairs of bits (d7, 
d6). (d5, d4), (d3 ( d2) and (d1, dO), which cor- 
responds to the case g or J shown in Rgure 16, 
based on the preceding judgment signal 1507, the 
output of the output latch 103 and the output of the 
temporary latch 104. 

The judgment circuit 1506 outputs the judg- 
ment signal 1507, based on the output of the 
pattern detecting circuit 1505. The operation of the 
judgment circuit 1506 will be described below. 

A bit order transposing circuit 1508 manipu- 
lates the output of the output latch 103 in accor- 
dance with the judgment signal 1507 output from 
the judgment circuit 1506. In the case where the 
judgment signal 1507 is at a logic 1, the bit order 
transposing circuit 1508 transposes the bit order of 
the output of the output latch 103. As a result, data 
(d6. d7, d4, d5, d2, d3, dO. d1) is output. In the 
case where the judgment signal 1507 is at a logic 
0, the bit order transposing circuit 1508 allows the 
output of the output latch 103 to pass through 
without transposing the bit order. As a result, data 
(d7, d6, d5, d4, d3, d2, d1, dO) is output 

The terminal driving circuit 109 drives the ter- 
minal 111 in order to output the output of the bit 
order transposing circuit 1508 to the exterior of the 
integrated circuit 101. The terminal driving circuit 
110 drives the terminal 112 in order to output the 
judgment signal 1507 output from the judgment 
circuit 1506, to the exterior of the integrated circuit 
101. 

The terminal 111 is connected to the terminal 

114 via the external bus 119. The terminal 112 is 
connected to the terminal 115 via the signal line 
120. 

A bit order transposing circuit 1516 receives 8- 
bit data via the terminal 114, and manipulates the 
8-bit data in accordance with the logic level of the 
terminal 115. In the case where the logic level of 
the terminal 115 is 1, the bit order transposing 
circuit 1516 transposes the bit order of the 8-bit 
data. In the case where a logic level of the terminal 

115 is 0, the bit order transposing circuit 1516 
allows the 8-bit data to pass through without trans- 
posing the bit order. 

Rgure 18 shows the logic defining the opera- 
tion of the judgment circuit 1506. As defined in 



Rgure 18, the operation of the judgment circuit 
1506 is defined, depending on cases A and B. 
Case A shows the operation of the judgment circuit 
1506 in the case where the pattern detecting circuit 

5 1505 outputs either 0 or 1. In this case, the judg- 
ment circuit 1506 outputs the judgment signal 1507 
of 0. The case B shows the operation of the 
judgment circuit 1506 in the case where the pattern 
detecting circuit 1505 outputs either 2 or 3. In this 

10 case, the judgment circuit 1506 outputs the judg- 
ment signal 1507 of 1. 

Rgure 19 shows a circuit configuration of the 
pattern detecting circuit 1505 and the judgment 
circuit 1506. The pattern detecting circuit 1505 is 

75 realized by, for example, a flip-flop 1701, logic 
gates 1702 through 1709 and 1710 through 1713. 
The judgment circuit 1506 is realized by, for exam- 
ple, a programmable logic array 1714. 

The flip-flop 1701 delays the judgment signal 

20 1507 output from the programmable logic array 
1714. 

The logic gates 1702 through 1709 determine 
whether the bit order of the output of the temporary 
latch 104 should be transposed or not, depending 

25 on the output of the flip-flop 1701. In the case 
where the output of the flip-flop 1701 is a logic 1, 
the logic gates 1702 through 1709 transpose the bit 
order of the output of the temporary latch 104. As a 
result, data (d6. d7, d4, d5. d2, d3, dO, d1) is 

30 output from the logic gates 1702 through 1709. In 
the case where the output of the flip-flop 1701 is a 
logic 0, the logic gates 1702 through 1709 allow 
the output of the temporary latch 104 to pass 
through without transposing the bit order. As a 

35 result, data (d7, d6, d5, d4, d3, d2, d1. dO) is 
output from the logic gates 1702 through 1709. 

The logic gates 1710 through 1713 compare 
the output of the logic gates 1702 through 1709 
with the output of the output latch 103 to output the 

40 number of pairs of bits out of four pairs of bits (d7, 
d6), (d5, d4), (d3, d2) and (dl, dO), which cor- 
responds to the case g or J shown in Rgure 16. 
For example, the number of pairs of bits cor- 
responding to the case g or J is represented by the 

46 number of output signal lines having a logic level of 
1, out of four output signal lines from the logic 
gates 1710 through 1713. 

The programmable logic array 1714 outputs 
the judgment signal 1507, based on the output of 

so the logic gates 1710 through 1713. The logic 
shown in Rgure 18 is realized by the program- 
mable logic array 1714. 

Rgure 20 shows an example of a circuit con- 
figuration of the bit order transposing circuit 1508. 

55 The bit order transposing circuit 1508 is realized 
by, for example, logic gates 1801 through 1808. 
The logic gates 1801 through 1808 determine 
whether the bit order of input data (d7, d6, d5, d4, 



23 



EP 0 675 447 A1 



24 



d3, d2, d1, dO) should be transposed or not, based 
on the judgment signal 1507. In the case where the 
judgment signal 1507 is at a logic 1, the logic 
gates 1801 through 1808 transpose the bit order of 
the input data. As a result, data (d6, d7, d4, d5, d2, 
d3, dO, d1) is output from the logic gates 1801 
through 1808. In the case where the judgment 
signal 1507 is at a logic 0, the logic gates 1801 
through 1808 allow the input data to pass through 
without transposing the bit order. As a result, data 
(d7, d6, d5, d4 f d3, d2, d1, dO) is output from the 
logic gates 1801 through 1808. 

The circuit configuration of the bit order trans- 
posing circuit 1516 is the same as that shown in 
Rgure 20. 

Figure 21 shows examples of the operation of 
the data transfer device according to Example 4 in 
a time series. Hereinafter, how the data transfer 
device operates at times 1, 2, 3, 4 and 5 shown in 
Rgure 5 will be respectively described. 

Time 1) 

Assuming that b*10101010 is stored in the out- 
put latch 103 and the judgment signal 1507 is 0 at 
time 1. The output of the output latch 103 passes 
through the bit order transposing circuit 1508 with- 
out transposing the bit order. As a result, the termi- 
nal driving circuit 109 drives the external bus 119 
with the value of b*1 0101 010, 

The judgment signal 1507 of 0 is transferred to 
the interior of the integrated circuit 113 via the 
terminal driving circuit 110 and the terminals 112 
and 115. Since the bit order transposing circuit 
1516 does not perform a transposition operation of 
bit order, the signal on the external bus 119 passes 
through the bit order transposing circuit 1516 via 
the terminal 114, and is transferred to the internal 
bus 117. In this way, b'10101010, which is stored 
in the output latch 103, is output to the internal bus 
117. The judgment signal 1507 of 0 is held in the 
flip-flop 1701. 

Time 2) 

Data b'01010100 is written to the output latch 
103 via the internal bus 102 at time 2. Simulta- 
neously with the writing to the output latch 103, 
b'10101010, which is stored in the output latch 103 
until then, is stored in the temporary latch 104. 
Since the output of the flip-flop 1701 is 0, the logic 
gates 1702 through 1709 allow the output of the 
temporary latch 104 to pass through. The output 
b'10101010 of the logic gates 1702 to 1709 and 
the output b'01010100 of the output latch 103 are 
input to the logic gates 1710 through 1713. As a 
result, logic levels of three output signal lines out of 
four output signal lines from the logic gates 1710 



through 1713 become 1. The judgment signal 1506 
judges that the current state corresponds to the 
case B of Rgure 18, and outputs the judgment 
signal 1507 of 1. 

5 The bit order of the output of the output latch 

103 is transposed by the bit order transposing 
circuit 1508. As a result, the terminal driving circuit 
109 drives the external bus 119 with the value of 
b'10101000. Since the state of the external bus 119 

70 at time 1 is b'lOIOIOlO, the state of the external 
bus 119 is changed by 1 bit due to the current 
output of bMOIOIOOO. As a result, the power cor- 
responding to the state change of 1 bit is con- 
sumed. 

75 The judgment signal 1507 of 1 is transferred to 
the interior of the integrated circuit 113 via the 
terminal driving circuit 110 and the terminals 112 
and 115. Since the bit order transposing circuit 
1516 performs a bit order transposition operation. 

20 the bit order of the signal on the external bus 119 
is transposed by the bit order transposing circuit 
1516 via the terminal 114, and is transferred to the 
interna) bus 117. In this way, b'01010100, which is 
stored in the output latch 103, is output to the 

25 internal bus 117. The judgment signal 1507 of 1 is 
held in the flip-flop 1701. 

Time 3) 

30 Data b'01010111 is written to the output latch 
103 via the internal bus 102 at time 3. Simulta- 
neously with the writing to the output latch 103, 
b'01010100, which is stored in the output latch 103 
until then, is stored in the temporary latch 104. 

35 Since the output of the flip-flop 1701 is 1, the logic 
gates 1702 through 1709 transpose the bit order of 
the output of the temporary latch 104. As a result, 
b' 101 01 000 is output from the logic gates 1702 
through 1709. Herein, b'10101000 is the same data 

40 as that output to the external bus at time 2. The 
output b'1 01 01000 of the logic gates 1702 through 

1709 and the output b'01010111 of the output latch 
103 are input to the logic gates 1710 through 1713. 
As a result, logic levels of three output signal lines 

45 out of four output signal lines from the logic gates 

1710 through 1713 become 1. The judgment circuit 
1506 judges that the current state corresponds to 
the case B of Rgure 18, and outputs the judgment 
signal 1507 of 1. 

so The bit order of the output of the output latch 
103 is transposed by the bit order transposing 
circuit 1508. The terminal driving circuit 109 drives 
the external bus 119 with the value of b'10101011. 
Since the state of the external bus 119 is 

55 b'10101000 at time 2, the state of the external bus 
119 is changed by 2 bits due to this output of 
b f 10101011. As a result, the power corresponding 
to the state change of 2 bits is consumed. 
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The judgment signal 1507 of 1 is transferred to 
the interior of the integrated circuit 113 via the 
terminal driving circuit 110 and the terminals 112 
and 115. Since the bit order transposing circuit 
1516 performs a bit order transposing operation, 
the bit order of the signal on the external bus 119 
is transposed by the bit order transposing circuit 
1516 via the terminal 114, and is transferred to the 
internal bus 117. In this way, b'01010111, which is 
stored in the output latch 103, is output to the 
internal bus 117. The judgment signal 1507 of 1 is 
held in the flip-flop 1701. 

Time 4) 

Data b'10101001 is written to the output latch 
103 via the internal bus 102 at time 4. Simulta- 
neously with the writing to the output latch 103, 
b'01010111, which is stored in the output latch 103 
until then, is stored in the temporary latch 104. 
Since an output of the flip-flop 1701 is 1, the logic 
gates 1702 through 1709 transpose the bit order of 
the output of the temporary latch 104. As a result, 
b'1010101 1 is output from the logic gates 1702 
through 1709. Herein, b'1010101 1 is the same data 
as that output to the external bus at time 3. The 
output b'10101011 of the logic gates 1702 through 
1709 and the output b'10101001 of the output latch 
103 are input to the logic gates 1710 through 1713. 
As a result, all logic levels of four output signal 
lines from the logic gates 1710 through 1713 be- 
come 0. The judgment circuit 1506 judges that the 
current state corresponds to the case A of Figure 
18, and outputs the judgment signal 1507 of 0. 

An output of the output latch 103 passes 
through the bit order transposing circuit 1508. As a 
result, the terminal driving circuit 109 drives the 
external bus 119 with the value of b'10101001. 
Since the state of the external bus 119 at time 3 is 
b'1010101 1, the state of the external bus 119 is 
changed by 1 bit due to the current output of 
b'10101001. As a result, the power corresponding 
to the state change of 1 bit is consumed. 

The judgment signal 1507 of 0 is transferred to 
the interior of the integrated circuit 113 via the 
terminal driving circuit 110 and the terminals 112 
and 115. Since the bit order transposing circuit 
1516 does not perform a bit order transposing 
operation, the signal on the external bus 119 
passes through the bit order transposing circuit 
1516 via the terminal 114 and is transmitted to the 
internal bus 117. In this way, b'10101001, which is 
stored in the output latch 103, is output to the 
internal bus 117. 

The transposition of the bit order is not limited 
to adjacent bits. It is possible to transpose arbitrary 
bits. 



As described above, in the data transfer device 
of Example 4, the judgment circuit 1506 judges to 
which of cases A and B in Figure 18 the current 
state corresponds, and outputs the judgment signal 

5 1507 indicating the result of judgment. The bit 
order transposing circuit 1508 manipulates the out- 
put of the output latch 103 in accordance with the 
logic level of the judgment signal 1507. In the case 
where a logic level of the judgment signal 1507 is 

10 1, the bit order of the output of the output latch 103 
is transposed by the bit order transposing circuit 
1508. Then, the signal, whose bit order is trans- 
posed, is output to the external bus 119. In the 
case where a logic level of the judgment signal 107 

75 is 0, the signal is output to the external bus 119 
without transposing the bit order of the output of 
the output latch 103. In this way, it is possible to 
diminish the state change of the external bus 119. 
As a result, the power consumed in the external 

20 bus 119 can be reduced. 

Example 5 

Figure 22 shows a configuration of Example 5 

25 of a data transfer device according to the present 
invention. In Figure 22, the same components as 
those shown in Figure 17 are denoted by the same 
reference numerals, and the description thereof is 
herein omitted. 

30 The configuration of the data transfer device of 
Example 5 is effective in the case where the state 
of the external bus 119 is maintained until the next 
data is written to the output latch 103. 

In Example 5, a pattern detection circuit 2005 

35 and the judgement circuit 1506 function as a judg- 
ment section 2000. The judgment section 2000 
judges whether or not the state change of the 
external bus 119, which occurs in the case where 
data whose bit order is transposed is output to the 

40 external bus 119, is smaller than that which occurs 
in the case where data is output to the external bus 
119 without transposing the bit order of the data. 
Then, the judgment section 2000 outputs judgment 
signal 1507 indicating the result of judgment. 

4$ The pattern detecting circuit 2005 differs from 
the pattern detecting circuit 1505 shown in Figure 
17 in that the pattern detecting circuit 2005 directly 
feed-backs the state of the external bus 119 to 
input the state, instead of inputting the output of 

so the temporary latch 104. However, since the opera- 
tion of the pattern detecting circuit 2005 is the 
same as that of the pattern detecting circuit 1505 
shown in Figure 17, the description thereof is here- 
in omitted. 

55 Figure 23 shows an example of a circuit con- 

figuration of the pattern detecting circuit 2005. The 
pattern detecting circuit 2005 is realized by, for 
example, logic gates 2101 through 2104. The logic 
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gates 2101 through 2104 compare the output of the 
external bus 119 with the output of the output latch 
103, thereby outputting the number of pairs of bits 
out of four pairs of bits (d7, d6), (d5, d4), (d3, d2) 
and (d1, dO) shown in Figure 16, which corre- 
sponds to the case g or j. For example, the num- 
ber of pairs of bits, which corresponds to the case 
g or J, is represented by the number of output 
signal lines whose logic levels are 1, out of four 
output signal lines from the logic gates 2101 
through 2104. 

In the case where cyclic data is sequentially 
transferred as key scan, it is preferable that the 
data transfer devices of Examples 4 and 5 are 
used because the state change of the external bus 
119 can be reduced by transposing the bit order of 
the transfer data. For example, a series of data 
such as b'1 0001 000, b'01000100, b'00100010, and 
b'00010001 can be given as an example of cyclic 
data. 

Furthermore, some data transfer devices can 
be obtained by combining the data transfer device 
of Example 1 or 2 with the data transfer device of 
Example 4 or 5. The bit inversion operation and the 
bit order transposing operation may be performed 
at the same time so as to transfer data by either of 
the operations, in which the state change of the 
external bus 119 is smaller than that in the other 
operation. In this case, the signal line 120 is re- 
quired to have not 1-bit width but 2-bit width be- 
cause the signal line 120 should distinguishably 
designate the bit inversion operation and the bit 
order transposing operation. Alternatively, the bit 
inversion operation may be followed by the bit 
order transposing operation, or the bit order trans- 
posing operation may be followed by the bit inver- 
sion operation so as to transfer data by either of 
the operations, in which the state change of the 
external bus 119 is smaller than that in the other 
operation. Also in this case, the signal line 120 is 
required to have not 1-bit width but 2-bit width 
because the signal line 120 should distinguishably 
designate the bit inversion operation and the bit 
order transposing operation. 

Moreover, if the integrated circuit 101 prepares 
a predetermined data compression method and the 
integrated circuit 113 prepares a predetermined 
data expansion method corresponding to the pre- 
determined data compression method, either un- 
compressed data or compressed data, which 
causes the smaller state change of the external bus 
119, may be transferred via the external bus 119. 
and 1 bit indicating whether the data is to be 
compressed or not may be transferred via the 
signal line 120 by using the predetermined data 
compression method. The integrated circuit 113 
recovers the original data by using the predeter- 
mined data expansion method if required. 



Furthermore, if the integrated circuit 101 pre- 
pares a plurality of kinds of data compression 
methods and the integrated circuit 113 prepares a 
plurality of kinds of data expansion methods, the 

5 compressed data may be transferred via the exter- 
nal bus 119, and the kind of data compression 
method used for compressing the data may be 
transferred via the signal line 120. The integrated 
circuit 113 receives the compressed data, and ex- 

70 pands the data by using an expansion method 
corresponding to the compression method, thereby 
recovering the original data. In the case where the 
integrated circuit prepares 2 ft kinds of data com- 
pression methods, the signal line 120 is required to 

75 have at least an n-bit width. 

According to the data transfer device and the 
data transfer method of the present invention, it is 
judged whether or not the state change of the bus, 
which occurs in the case where the data is manipu- 

20 lated to be output to the bus, is smaller than the 
state change of the bus, which occurs in the case 
where data is output to the bus without manipulat- 
ing the data. 

The data is manipulated based on the result of 

25 judgment Moreover, either the unmanipulated data 
or the manipulated data is selectively output to the 
bus. With this operation, it is possible to reduce the 
state change of the bus accompanied by data 
transfer. As a result, the power, which is consumed 

30 in the bus, is reduced. 

Various other modifications will be apparent to 
and can be readily made by those skilled in the art 
without departing from the scope and spirit of this 
invention. Accordingly, it is not intended that the 

35 scope of the claims appended hereto be limited to 
the description as set forth herein, but rather that 
the claims be broadly construed. 

Claims 

40 

1. A data transfer device connected to a bus and 
a control signal line, comprising: 

judgment means for judging whether or 
not a state change of the bus, which occurs in 

45 a case where the data is manipulated to be 
output to the bus, is smaller than a state 
change of the bus, which occurs in a case 
where data is output to the bus without man- 
ipulating the data; 

so first manipulation means for manipulating 

the data in accordance with the result of judg- 
ment; 

first output means for selectively outputting 
one of the data and the data manipulated by 
55 the first manipulation means to the bus in 

accordance with the result of judgment; and 

second output means for outputting a con- 
trol signal indicating the result of judgment to 
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the control signal line. 7. 

2. A data transfer device according to claim 1, 
wherein the judgment means comprises: 

first holding means for holding a preceding 5 



result of judgment; 

second holding means for holding the pre- 
ceding data upon receiving current data; and 

determination means for determining 
whether the current data is to be manipulated 
or not in accordance with the preceding result 
of judgment, the preceding data and the cur- 
rent data. 

3. A data transfer device according to claim 2, 
wherein the determination means comprises: 

disagreeing number detection means for 
outputting the number of bits disagreeing be- 
tween the preceding data and the current data; 
and 

means for outputting a signal indicating 
whether the current data is to be manipulated 
or not in accordance with the preceding result 
of judgment and an output of the disagreeing 
number detection means. 

4. A data transfer device according to claim 2, 
wherein the determination means comprises: 

pattern detection means for outputting the 
number of patterns agreeing with a relationship 
between the current data and the preceding 
data, out of a predetermined number of pat- 
terns which are previously prepared in accor- 
dance with the preceding result of judgment; 
and 

means for outputting a signal indicating 
whether the current data is to be manipulated 
or not in accordance with an output of the 
pattern detection means. 



A data transfer device according to claim 5, 
wherein the determination means comprises: 

pattern detection means for outputting the 
number of patterns agreeing with a relationship 
between the current state of the bus and the 
current data, out of the predetermined number 
of patterns which are previously prepared; and 
means for outputting a signal indicating 
whether the current data is to be manipulated 
io or not in accordance with the output of the 
pattern detection means. 

8. A data transfer device according to claim 1, 
wherein the data is part of data supplied to the 

75 data transfer device via an entire bus, and a bit 

width of the bus is smaller than that of the 
entire bus. 

9. A data transfer device according to claim 1, 
20 wherein the first manipulation means executes 

at least one of bit inversion, bit order transposi- 
tion and data compression. 

10. A data transfer device according to claim 1, 
25 further includes second manipulation means 

for receiving data output from the first output 
means via the bus and the control signal in- 
dicating the result of judgment output from the 
second output means via the control signal 
30 line, and for manipulating the data in accor- 
dance with the control signal. 

11. A data transfer device according to claim 10, 
wherein the second manipulation means ex- 

35 ecutes at least one of bit inversion, bit order 
transposition and data expansion. 

12. A data transfer device comprising: 
a transmission section for transmitting data 

and a control signal; 

a bus connected to the transmission sec- 
tion, for carrying the data; 

a control signal line connected to the 
transmission section, for carrying the control 
signal; and 

a receiving section connected to the bus 
and the control signal line, for receiving the 
data via the bus and the control signal via the 
control signal line, 

wherein the transmission section includes: 
judgment means for judging whether or 
not a state change in the bus, which occurs in 
a case where the data is manipulated to be 
output to the bus, is smaller than a state 
change in the bus. which occurs in a case 
where the data is output to the bus without 
manipulating the data; 

first manipulation means for manipulating 



40 

5. A data transfer device according to claim 1, 
wherein the judgment means comprises deter- 
mination means for determining whether the 
current data is to be manipulated or not in 
accordance with a current state of the bus and 45 
the current data. 

6. A data transfer device according to claim 5, 
wherein the determination means comprises: 

disagreeing number detection means for 50 
outputting the number of bits disagreeing be- 
tween the current state of the bus and the 
current data; and 

means for outputting a signal indicating 
whether the current data is to be manipulated 55 
or not in accordance with the output of the 
disagreeing number detection means. 
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the data in accordance with the result of judg- 
ment; 

first output means for selectively outputting 
one of the data and data manipulated by the 
first manipulation means, in accordance with 
the result of judgment; and 

second output means for outputting a con- 
trol signal indicating the result of judgment to 
the control signal line, 

and wherein the receiving section includes: 
second manipulation means for receiving data 
output from the first output means via the bus 
and the control signal indicating the result of 
judgment output from the second output 
means via the control signal line, and for man- 
ipulating the data in accordance with the con- 
trol signal. 

13. A data transfer device according to claim 12, 
wherein the judgment means of the transmis- 
sion section includes: 

first holding means for holding a preceding 
result of judgment; 

second holding means for holding the pre- 
ceding data upon receiving current data; and 

determination means for determining 
whether the current data is to be manipulated 
or not in accordance with the preceding result 
of judgment, the preceding data and the cur- 
rent data. 



data by performing a second manipulation of 
the data in accordance with the result of judg- 
ment, the second manipulation being opposite 
to the first manipulation. 

5 

18. A data transfer method according to claim 17, 
wherein the second manipulation includes at 
least one of bit inversion, bit order transposi- 
tion and data expansion. 

10 



14. A data transfer device according to claim 12, 
wherein the judgment means of the transmis- 
sion section includes determination means for 
determining whether current data is to be ma- 35 
nipulated or not in accordance with a current 
state of the bus and the current data. 

15. A data transfer method comprising the steps 

of: 40 

judging whether or not a state change in 
the bus, which occurs in a case where the data 
is manipulated to be output to the bus, is 
smaller than a state change in a bus, which 
occurs in a case where data is output to the 45 
bus without manipulating the data; 

performing a first manipulation of the data 
in accordance with the result of judgment; and 
transferring the manipulated data in accor- 
dance with the result of judgment. so 

16. A data transfer method according to claim 15, 
wherein the first manipulation includes at least 
one of bit inversion, bit order transposition and 
data compression. 55 

17. A data transfer method according to claim 15, 
further comprising a step of reproducing the 
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